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Vision and Mission:
Our New Starting Point

NABA
‘The NASA Vision

To improve life here,
To extend life to there,
To find life beyond.

The NASA Mission

To understand and protect our home planet,

" To explor‘e the universe and search for life,
To inspire the next generat:on of explorers

. as nnly NASA can.
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Key Documents - FY 2005 Budget Request
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President’s
Policy Directive

Thea Vision
for Space
Exploration
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The Vision for
Space Exploration

FY 2003 Performance
and Accountability
Report

Congressional
Budget Justification

New Building Block Investments
Overcoming Barriers that Constrain Research and Discovery

Technological Barriers

Power:
Providing ample power for
propulsion and science

Transportation:
viding safe
ortation to
and throughout

Communications:
\ nt data transfer

Building Blocks

Ongoing Efforts

Nuclear Systems Initiative
+ Greatly increased power for space
science and exploration

Integrated Space Transportation Plan
+  Orbital Space Plane

+  Extended Shuttle operations

+ Mext-generation launch systems

In-Space Propulsion Program
+ Efficient solar systern transportation

Space Station Restructuring
+  Research priorty focused
+  Management reforms

+ Sound financial base

New Efforts

Project Prometheus

+  Muclear Power and propulsion for
revolutionary science and orbital
capabilities

« First mission to Jupiter's moons

Human Research Initiative

+ Accelerate research to expand
capabilities
Enable 100+ day missions beyond
low-Earth orbit

Optical Communications

+  Vastly improved communication
transform science capability

+ First demonstration from Mars




Robust Strategy for Scientific Discovery:

Stepping Stones to Human and Robotic Exploration

ACCESSIBLE
PLAMETARY
SURFACES
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@ The Strategic Organization

o @

. Premary contributaon to a Goal
O Supporing contibution to & Goal

Themes

Biological Sciences Research
Physical Sciences Research
Rsreh Parfps & Flight Suppart

MISSION

g Ensure the provision of space access ...
9 Extend ... human space flight ...
10 Enable revolutionary capabilities ...

@ Performance: Accountability

All performance must be tied to the NASA Vision
c -4\//,5-
% m One NASA: Many Themes support each of 3 NASA Missions
2 = =
g 7 Goals tied to the Mission + 3 enabling Goals
Objective What is to be accomplished; owned by a single Theme.
An important multi-year step on a Theme’s roadmap.

- _—

Annual Indicates annual progress towards achieving outcomes.
SCUCUUENETIN Tied to a Theme's budget investment.

Goal

Performance Plan
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Office of the Chief Financial Officer (Code B)

CHIEF FINANCIAL
OFFICER
Gwendolyn Brown

Administrative Officer

Effective: July 16, 2003

C. Diana Carmak
Deputy Chief Financial Offlcer Cade B pariity ChisPFinanclal Gfcel
for Financial Management Ccmpu'nllarm
Jack Blair (Acting) Steven Isakewltz

Instibutional Resaurces
Taam

Budgat Devalopmant
Team

Financial Reparts Branch

Accourting Palicy & Guality Assirance Branch
Firancial Managamsant
Requirements & Reports Full Cost & Warking Capial Funas Branch
Branch

Budget Exzcutive Branch

Property Branch 11

Divislon

Director

[~ Pragram Aralysis Branch
+— Space Flight Tasm
— Sci, Ed & Aaro Team
— ExplomlionTeam

| Stratagic Planning &
Parformance Branch

— Perf. & Resulls Team

L Systems Analysis Team

@ Strategic Investments Division

Strategic Investments Division ||

Performance and Results Team Space Flight Team

= Strategic Plan + Space Shuttle

» Integrated Planning « Space Station

+ Performance Measurement + Space & Flight Support

» Performance Reporting
+ Budget & Performance Integration

» Strategic Management = Bpaca Sclance

Strategic Planning & Performance Branch | | Program Analysis Branch ||

Science, Education & Aero Team

« Earth Sciece

+ Biological & Physical Research
Systems Analysis Team + Education
+ Standards for Systems Analysis + Aeronautics

+ Analytical tool development
+ Support to Space Architect
« Cross-Enterprise analysis

Exploration Team
+ Transportation

+ Human and Robotic Technology
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Code BX Products

Annual Budget Request — Integrated Budget and Performance Document
(IBPD)

- Code BX led the design, development and integration of the IBPD

= Totally revamped Congressional justification — well received

- Page count less than half with more information than before

» Integrates budget with performance, setting government-wide benchmark

Performance and Accountability Report (PAR)

»  Code BX leads the formulation, integration, production of the PAR

+  Met aggressive OMB schedule

»  On schedule for meeting even more aggressive OMB schedule this year

Strategic Plan

»  Code BX led the formulation, integration and production of the plan

= High quality plan, seven months ahead of schedule

Integrated Planning

»  Code BX developed and implemented the plan for integrated Agency planning
in support of the Associate Deputy Administrator for Technical Programs

» Integrated set of planning documents being produced for the first time,
including Enterprise Strategies and Center Implementation Plans

= A planning ‘community’ has been established with significantly improved
communications

«  Working with other Agencies to share best practices

Code BX Products

+ Budget Amendments and Supplemental Requests
— Code BX leads/supports strategy, drafting, integration and advocacy
— FY 2003 Budget Amendment
+ Approved by OMB, adopted by appropriators
— FY 2004 Supplemental Request
+ Approved by OMB and now appropriated
* Performance Plans

— Pre-IBPD FY 2003 performance plan was re-mapped to new strategic
framework for the Agency

— FY 2004 performance plan revised to increase measurability of outcomes
* Management Tool Development

— Code BX working with IFM Program and Chief Engineer to establish
requirements and implementation plans for Erasmus
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Systems Analysis

» The systems analysis community across the Agency is often called upon
to assess investment strategies.
— “How do we demonstrate alignment with the Agency Strategic Plan in a
standard way?"
— Wide range of analysis: ISTP, technology portfolios, cross Enterprise
activities, spacecraft mission trades, etc....
* There are no “best practices” or common analysis standards to enable
“apples to apples” comparisons of results.

— Decision makers and analysts will both benefit from an open and transparent
approach to performing and employing analysis products.

— Have found that such standards are welcomed and encouraged.
» Code BX is seeking to catalyze a systems analysis ‘community’ among
existing organizations dispersed across the Agency.

— Budget process is a consumer of a great deal of Agency systems analysis
products.

— Currently engaged in dialog with systems analysis and systems engineering
groups around the Agency on developing standards and a community.

— Collecting inventory of tools, approaches, and environments from around the
Centers.

—  Will conduct workshops and develop standards this year.

— Goal is improved communications and strengthened capabilities, leading to
better investment decisions.

15

Summary

Significant changes are underway

* Integration among the vision and mission, strategic plan,
budget, and performance planning and reporting

— Closer linkage of our budget estimates with our strategic plan,
performance measures and institutional needs

— Systems analysis efforts to improve linkage for better decisions

* Integrated budget and performance information in a single
document, linked to strategic plan objectives through new
budget structure arranged in “themes”

— Ensures consistency among critical documents

« Annual and long-term performance measures directly traceable
through the strategic plan to the vision and mission

— Clear accountability for results through themes

+ Defined agency goals requiring multiple enterprises and
themes, with interdependencies and shared accountabilities

— Reflects the One NASA philosophy

[These changes will help NASA to achieve our Vision and Mission

— ——
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e Dr. Alan W. Wilhite

Estimating the Risk of
Technology Development

Dr. Alan W. Wilhite
Langley Distinguished Professor/Systems Architectures and Analysis
Georgia Institute of Technology/National Institute of Aerospace

256.683.2897

Center for Aerospace Systems Analysis (CASA) §

When do you do risk analysis ?

Risk analysis and response planning must be
done during the initial planning phase of the
project. Ideally, risk analysis and response
planning is done during the project proposal
phase and revisited on a regular basis.

"70% of a project's cost at completion is committed
by the time the first 5% of the project's budget is
actually spent.”
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The Elements of Risk

Risk is composed of TWO elements:

1.) The UNCERTAINTY (expressed as a probability (Pf) of
achieving a project performance objective

AND,
2.) The CONSEQUENCES (Cf) of a risk event
Risk= Pf x Cf

Caution is needed, of course in using this approach. It is necessary to
be wary of multiplying 2 pieces of information together to produce a
figure which may ,make an account's eyes light up but be of little
practical value to a project manager.

Risk Assessment Matrix

High

"o
e
—

Medium

Consequences
Or Impact

Low

Medium High

Probability of Failure
(1 — Probability of Success)
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Characterization of Technology Risk

(utilization for system development)

» Probability of failure to:

- Reach maturity for system integration
(programmatic failure)

- And meet Technical Performance Measures
goals (technical failure)

» Impact on overall system performance of
failing to meet TPM goals

Measures of
Probability of Failure

* The Probability of Failure is measured by the three measures used for
programs or projects - cost, schedule, and performance.

Performance (technical failure)

Cost Schedule
(programmatic failure)
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Measures of Programmatic Failure

Development difficulty
- Technology Readiness Level Gap (Initial to TRL6)
- Research and Development Degree of Difficulty
- TPMgap

Requirements, requirements flowdown, interface requirements, etc.

Schedule
- Defined schedule showing maturity increasing/adequate analysis and
testing
Critical Path
Adequate slack
High risk items, work around
Exit criteria for every milestone

Cost
- Defined cost for all milestones
- Costs include NASA and contractor

Management and technical team (experienced)

NASA's TECHNOLOGY READINESS LEVEL
(Scale for Tracking Risk Reduction)

9 - Actual system "flight proven" on operational flight
8 - Actual system completed and "flight qualified" through test and demonstration
7 - System prototype demonstrated in flight

6 - System/Subsystem (configuration) model or prototype demonstrated/validation
in a relevant environment

5 - Component (or breadboard) verification in a relevant environment
4 - Component and/or breadboard test in a laboratory environment

3 - Analytical & experimental critical function, or characteristic proof-of-concept, or
completed design

2 - Technology concept and/or application formulated (candidate selected)

1 - Basic principles observed and reported

Technology Readiness Level of 6 is usually
required for Development

17




NASA’s
Technology Readiness Levels (Software)

_m TRL 9: Actual system “mission proven” through successful mission operations
System Test, Thoroughly debugged software readily repeatable. Fully integrated with operational hardware/software
Launc_h & TRL9 systems. All documentation completed. Successful operational experience. Sustaining software
Operations _ engineering support in place. Actual system fully demonstrated.
TRL 8: Actual system completed and “mission qualified” through test and
TRL 8 demonstration in an operational environment Thoroughly debugged software. Fully
Sy /Subsyst —_— integrated with operational hardware and software systems. Most user documentation, training
Development documentation, and maintenance documentation completed. All functionality tested in simulated and
- ] TRL 7 operational scenarios. V&V completed.

Basic Technology
Research

Demonstration L |

Prove Feasibility

— TRL 7: Initial system demonstration in high-fidelity environment (parallel or
shadow mode operation) Most functionality available for demonstration and test. Well integrated
Technology with operational hardware/software systems. Most software bugs removed. Limited documentation
—_ available.

TRL 6: System/subsystem prototype validated in a relevant end-to-end

environment Prototype implementations on full scale realistic problems. Partially integrated with
Technology existing hardware/software systems. Limited documentation available. Engineering feasibility fully
Development demonstrated.

TRL 5: Module and/or subsystem qualified in relevant environment Prototype
implementations conform to target environment / interfaces. Experiments with realistic problems.
Simulated interfaces to existing systems.

Research to TRL 4: Module and/or subsystem qualified in laboratory environment Standalone

prototype implementations. Experiments with full scale problems or data sets.

TRL 3: Analytical and experimental critical function and/or characteristic proof-
of-concept Limited functionality implementations. Experiments with small representative data sets.
Scientific feasibility fully demonstrated.

TRL 2: Technology concept and/or application formulated Basic principles coded.
Experiments with synthetic data. Mostly applied research.

TRL 1: Basic principles observed and reported Basic properties of algorithms,
representations & concepts. Mathematical formulations. Mix of basic and applied research.

Measures of Programmatic Failure

Development difficulty

- Technology Readiness Level Gap (Initial to TRL6)
- Research and Development Degree of Difficulty
- TPMgap

Requirements, requirements flowdown, interface requirements, etc.

Schedule

Defined schedule showing maturity increasing/adequate analysis and
testing

Critical Path

Adequate slack

High risk items, work around

Exit criteria for every milestone

Cost
- Defined cost for all milestones
- Costs include NASA and contractor

Management and technical team (experienced)

18




Research and Development
Degree of Difficulty (RD3)

R&D3

I A very low degree of difficulty is anticipated in achieving research and
development objectives for this technology.

Probability of Success in “Normal” R&D Effort > 99%

Il A moderate degree of difficulty should be anticipated in achieving R&D
objectives for this technology.

Probability of Success in “Normal” R&D Effort > 90%

Il A high degree of difficulty anticipated in achieving R&D objectives for this
technology.

Probability of Success in “Normal” R&D Effort > 80%

IV A very high degree of difficulty anticipated in achieving R&D objectives for this
technology.

Probability of Success in “Normal” R&D Effort > 50%

V The degree of difficulty anticipated in achieving R&D objectives for this
technology is so high that a fundamental breakthrough is required.

Probability of Success in “Normal” R&D Effort > 20%

Measures of Programmatic Failure

* Development difficulty
- Technology Readiness Level Gap (Initial to TRL6)
- Research and Development Degree of Difficulty
- TPMgap

* Requirements, requirements flowdown, interface requirements, etc.

» Schedule
- Defined schedule showing maturity increasing/adequate analysis and
testing
Critical Path
Adequate slack
High risk items, work around
Exit criteria for every milestone

 Cost
- Defined cost for all milestones
- Costs include NASA and contractor

* Management and technical team (experienced)
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NASA Program Schedule Actuals

MER
Gemini - Manned
Skylab Workshop - Manned

Mars Global Suneyor |
Pathfinder

Centaur-G' - Launch Vehicle
Voyager - Unmanned

Viking Lander - Planetary |

Magellan - Planetary
Viking Orbiter - Unmanned
Apollo LM - Manned
S-VB - Launch Vehicle
Apollo CSM - Manned
Mars Obsener - Unmanned
Skylab Airock - Manned
SHI - Launch Vehicle
Extermnal Tank

Shuttle Orbiter - Manned
Spacelab - Manned

=

I ADP to PDR
B PDR to CDR
] CDR to Launch

Calendar Months

Life Cycle Milestones

DOD 5000 10¢ FOC
k¢— |PRE-SYSTEMS ACQUISITION| —>}« SYSTEMS ACQUISITION L _ SUSTAINMENT | ——*1
CONCEPT  TECHNOLOGY DEVELOPMENT SYSTEM DEVELOPMENT % DEMONSTRATION PRODUCTION < DEPLOYMENT OPERATIONS % SUPPORT
Low-R, ] S D
Rgﬁﬂz”ﬁ'lh A l;‘g:rw& ‘i SYSTEM : SYSTEM ImrlM[Il%ﬁfllIinou : PkownfglliLaRI?gmmm USTAINMENT ISPOSAL
TECHNOLOGY Amu ITION DESIGN
Soned AnioRzAon Wt * ReADIESs Daigou
DEcISion Review
N7 7 vv
AOA SRR SFR PDR  CDR TRR ;% PCA
NASA 7120 ..
4 FORMULATION >l IMPLEMENTATI >
e | Pre-Prast A |->he— | Prase A| —>le—— | Prase B| PHASE PHAse D « PHASEE| —————]
ADVANCED STUDIES PIRELIM:;MRV DeriniTioN Desien DEVELOPMENT OPERATIONS
NALYSIS
DepLoy Mission
Misson HMisson PN ' P | o i WEBeAToN ' 'E“ép'lm? : OpeeATiNs | e
FeasiiLiTy DEFINITION | VERIFY i
Pkmz(: umn v !
MCR MDR SRR SDR POR CDR TRR FQR SAR FRR SR PRR ORR 0AR ASOR
NAR/
ICR*
* INcLUDES SAFETY ReVIEW
AQA  ANALYSIS OF ALTERNATIVES 10C  INITIAL OPERATIONAL CAPABILITY SAR  SvSTEM ACCEPTANCE Review
v DODI 5000.2 ASOR  ANNUAL SYSTEMS OPERATIONS Review ~ MGR  MisSIoN GONGEPT ReviEw SDR SvsTem DESIEN REVIEW
- CDR  CRiTicAL DESIGN REvIEW MDR  MigsioN DESIGN Review SFR  SysTem FUNCTIONAL REVIEW
v NASA 6 DR DECOMMISSIONING REVIEW NAR  NON-ADVOCATE REVIEW SR SAFeTY Review
105 FCA  FUNCTIONAL CONFIGURATION AUDIT QAR QPERATIONAL ACCEPTANCE REVIEW SRR SYSTEM REQUIREMENTS REVIEW
FOC  FuLL OPERATIONAL CAPABILITY ORR  OPERATIONAL REQUIREMENTS REVIEW ~ SVR  SYSTEM VERIFICATION REVIEW
FQR  FORMAL QUALIFICATION REeVIEW PCA  PHYSICAL CONFIGURAION AuDIT TRR  Test READINESS REVIEW
FRR  FLIGHT READINESS REVIEW PDR  PRELIMINARY DESIGN ReViEW
ICE__ INDEPENDENT COST REVIEW PRR _ PRODUCTION READINESS REVIEW
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Measures of Programmatic Failure

* Development difficulty
- Technology Readiness Level Gap (Initial to TRL6)
- Research and Development Degree of Difficulty
- TPM gap

* Requirements, requirements flowdown, interface requirements,
etc.

» Schedule

Defined schedule showing maturity increasing/adequate analysis
and testing

Critical Path

Adequate slack

High risk items, work around

Exit criteria for every milestone

» Cost
- Defined cost for all milestones
- Basis of costs (FTEs, facilities, hardware, etc.)

* Management and technical team (experienced)

Low NOx Combustor

1-Pager Work Logic
® Core
LpP Evals | | Rectangular Curved Sector| || ©
(many cupon Sector Evals (2 test sories) Design
tests) 1024 1.022 1.023 (1 concepy)
Sector Annular Rig
Transient [~%| TestProg

Tests (1 concept)
|.az.44|‘ 111
Controls

Controls
113
EPM v
Yy Core Com- Core
Down buster Combustor Final
® Selet [P| Fab(LPP Tost Qepo
Ve T or RQL) (LPP or RQL)
H ' J 1.1
ipoctor Evals | Sector Evals _,‘ Sector Evals
\ mDesig" 1| Gen24&3 NASA Tests [ i
:- - NAs3-2688! 1025[] _1025] 1. CMC Annular
| Final Line Test Rig
Annular Rig from EPM, 117
»| Controls [¥| TestProg
(1 concept)
1.1.3] 1.1.1]
Enhanced Sector Test Annular Test Core Combustor|
—p| _ Quench g’gi?gw Bd (12’2?’1% Ta%?‘!‘iﬂ‘
¥| Zone Mixing ® configs) config) ‘config)
Evals, 4 o
Sector Tests Selec/" | [Annglar Tosts
‘with EPM with EPM
| Quench Zone | | @ CMC Sector j Lyl (1GE&1PW e 1PW
Diagnosis W Rig Tests config)
1.027|\Cs 116

2l
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Low NOx Combustor

1-Pager Work Logic Description

1.0.2.1 LPP Subcom,

¢ Many cupons tested _

¢ Feeds sector test prog

* Continues during sector test prog
* Used for sector design refinement
* Essentially complete by FY95

¢ GE/NASA

1.0.2.2 CPP Rectangular Sector Evals

« Combines components for integrated evals

* 3 configurations tested

 Primary feed to annular test program design

» Secondary feed to core combustor test program design
* Uses non EPM materials

* GE/NASA

1.0.2.3 L.PP Curved Sector Evaluation

+ Added shape fidelity over rectangular evals
* Two test series of single configuration

* Feed core combustor test program design

* GE ’

1.0.2.4 LPP Sector Transient Test

ent Evals

 Evaluation of rectangular sector configurations
¢ Primary feed to annular test program design

.0.2.5 tor Combusti i

* 3 generation tests of progressively complex design
¢ Gen I tests and Gen II design from separate contract
o P&W test feed annular rig test program design

* NASA test feed core combustor test program

* Uses non EPM materials

* P&W/NASA

1.0.2.6 Inh:
* Applies to RQL configuration
* P&W/NASA participation
o Feeds annular rig test program design

uenc €

7_Quench e Diagonistics

¢ Sameas 1.0.2.6
¢ P&W participation
ical Code Dev

 Feed products to test programs as developed
* NASA

1.0.2.8

.0.2.9 Emission Minimizing Completion Controls

» Feed products to test programs as developed
« NASA

10210 Grants

 Feed products to test programs as developed
 Universities

Low NOx Combustor

1-Pager Work Schedule

| _Cves Cve6 | cver | cCve8 | Cysg | cvoo | cCyoi
FY95 FY96 FY97 FYos FYos FY00 FY01
1:2:3:4]1:2:3:4[1:2:3:4[1}2; (2} i2:3:4[1:2:3:4
P2 Y G nepte)| Final Report V1
P 1022 | Rectangular Sector Evals | GE : VY | &0 FEE
v (e L
1.0.24 | Sector Transient Test aepw | i
1.023 | Curved Sector Evals GE
113 | Controls GE
111 | Annular Rig Test Prog GE
1.1.2 | Core Combuster Design | GE
116 | CMC Sector Rig Tests GEPW
RaL 1025 | Sector Eval-Gen 283 PW
N
1.0.2.6/7| Quench Zone Evals Pw
113 | Controls PW
101 | Annular Rig Test Prog Pw
142 | Core Combuster Design PW
116 | CMC Sector Rig Tests GEPW
PP orRaL| 1.1.455 | Core Combuster GEPW
147 | OMC Annular Test Rig GEPW : A
Models  Designed 11 2 2
Models  Fabed 7 7
Tests Completed 7 12 8
Analysis  Completed 4 13 10
Simulations  Completed 7 4 1
1.02 | Combuster Supporting Tech Tests 94 60 20 12 11 A 198
1.0.1 | Annular Rig Test Prog 71 95 19 185
112 | Core Combuster Design a 45 56 18 9 7 5 145
113 | Controls 14 11 o 7 10 E) 3 63
1.1.4 | Core Combuster Fab K 26 5 38
115 | Gore Combuster Assy & Test K 12 72 45 185
116 ‘CMC Sector Rig Tests 3 9 17 3.0
117 | CMC Annular Rig Tests 3 K 7 28 15 Rl 63
Total 186 223 130 55 9.6 109 5.4 857
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Low NOx Combustor

1-Pager Cost Distribution

; 94 | 95 | 96 ] 97 | 98 | 99 ] 00 | 01 | 02 | Total
1.0.2 | Combustor Supt Tech ) 3 g g - - - 4.2
25 25 - - - - 50
N)| - 33 a4 iiico g iing 1 108
T 3 94 60 20 12 11 1 20.1
1.1.1 | Annular Combustor Rig P 4 29 26 e - - 63
G 2 43 68 15 - 129

Lol EEERHCHIIMCGHIBUCEIC O HRIE T L INORPMUIL)
T 6117 oSt T 192
1.1.2 | Core Combustor Design Pl TEEETSE VSR 6l 99
G| - 2 sHia0 g iR 1 2 46

N e - I SR
T 4 45 s6 18 9 1 5 145
1.13 | Low NOX Combustor ControlsDev | P | - IS V s 3 4.0
|l 1 8 4 2 2 - 16
] [EESHIERER JRIRD. Hewe. it Shaot HUNESTHRIDRIRICUR] (Hik 4
b Tl intiiline e liite 9 3 - 63
1.1.4 | Core Engine Combustor Fab P - 5 10 5 2.1
G - 116 17
L] T SO I FL O I I IS
T 6 26 s 38
1.1.5 | Core Engine Test P Siiit1liiaal 33 73
Gl - - 1 2 3 1 6
N B 9 _35 _10 1| _ss
T - 6 12 72 45 1 135
1.1.6 | CMC Combustor Sector Rig P 3 7 16 27
Tl . 2 - - 3

NS S SR

T 3 9l 30
1.1.7 | CMC Annular Combustor Rig Test | P | - 1 1 2 2 7
G 2 8 7 26 13 1 56
o) EHCEHCHEPUL B OIS U S
T 3 9 7 28 15 1 - 63
Pl i ia gt iea ol e Al iS61 401 skl i 360
Total el [HIE SHEHE £ VI £V OV TP R HI T S i T
S | HESRERELS YO R A D WARIC TP PRI V-SH0 1 IS |f 1H 1
T| 10 186 223 130 56 96 109 54 1| 87

Minimal Technology Data Sheet

Contact i
Person Providing Data: Secondary Contact:
Phone: Phone:
Email Address: Email Address:
Capability: | |
Capability Impact: see chart 1-10)
Impact Rationale: I m p a Ct
Technology Project Name:
Description Objectives,Scope, State of the Art and Improverments to SOA (Gap assessiment), Heritage of Technology

(evolution or revolution path)

Cost and

Technology Maturity Thili
Current TRL (1-6) Cl"edlblllty
Time to mature to TRL=6, yrs J
Total cost to obtain TRL=6 (full cost including workforce, contracts, hardware, infra-structure, test facilities use and/or inpy nts, etf
[Research Degree o Difficulty (1-5) | (List/Describe Characteristics of Technology or Your Rationale for Qualifying it at the RD"3oted.)

[ ‘on other jes to meet capability DIffICUlty
| Technologies [ Developers | Funded or Unfunded
_ _ Meets

|Technical F | State of Art Value | _Pr Valyé | .

(€., weight, power, etc.) and Units aluedendoff?‘oprrem architecture
? p ATP

Fechmol | schedule

Year [Milestone [TRL [Cost |
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Assessing Technology Risk Using AHP
(Analytical Hierarchical Process)

* The AHP is based on the hierarchical decomposition of the
prioritization or forecasting criteria down to the level at
which the decision or forecast alternatives can be pair-
wise compared for relative strength against the criteria.

* The pair-wise comparisons are made by the participating
experts and translated onto a numerical ratio scale.

* The AHP mathematical model then uses the input pair-wise
comparisons data to compute priorities or forecast
distributions as appropriate.

Analytical Hierarchical Process
Individual Assessment

Metric Interval Most Likely Relative Likelihood

20 to 25 Units O 5% As likely as
35t040

25t030 25% As likely as
O 35t040

30 to 35 75% As likely as
O 35t040

35t040 100% Most likely
‘ interval

45 t0 50 O 10% ?;tlikj(l)y as

0

Integrated Group Assessment

Metric Goal
eréc3soa.

!

Zl Risk Area (24%)

45

Probability
e N B &

= At

20 25 30 35

£
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Technology Risk Assessment — Phase 3
Summary Of Airframe Risk Assessments

TA TECHNOLOGY PROJECT SCHED | TECH

STRUCTURAL HEALTH MONITORING — NORTHROP GRUMMAN
METALLIC CRYOTANK - BOEING

CERAMIC MATRIX HOT STRUCTURES - MRD

DURABLE ACREAGE CERAMIC TPS - BOEING

DURABLE ACREAGE METALLIC TPS - OCEANEERING

INTEGRATED AERO-THERMAL & STRUCTURAL THERMAL
ANALYSIS - NASA

STRUCTURAL & MATERIALS/TANK/TPS INTEGRATION - NASA
2 STAGE SEP & ASCENT AERO-THERMODYNAMICS - NASA

2 MATERIALS & ADVANCED MANUFACTURING: PERMEABILITY
RESISTANCE - NASA

2 LIGHTWEIGHT INFORMED MICRO-METEOROID RESISTANT
TPS - NASA

2 ULTRA HIGH TEMPERATURE SHARP EDGE TPS - LMC
2 CERAMIC MATRIX COMPOSITE - SOUTHERN RESEARCH

NN |N N (NN

N~

Technology Risk Assessment — Phase 3
Structural Health Monitoring (Shm)

TA-2 Airframe Northrop Grumman
MAJOR RISKS
(O Cost — Cost of 8,000 sensors for full scale SHM could be very high, but is
understood.

@ Schedule - Critical schedule issue is availability of Composite Cryo-tank for testing.
SHM starting at TRL 4 in 2002. No development issues affecting schedule.

(O Technical
»  Reliability — Integration of 8,000 sensors into one reliable SHM is a risk

»  Testability - Availability of Full Scale Composite Cryo-tank for testing to achieve
TRL 6

CONTINGENCY PLAN SUGGESTION
Use a subscale tank (18 to 20 ft diameter) to test SHM system

NOTE: Only new or updated comments are contained in this report. Refer to Phase 2
report for complete evaluation. No significant change in evaluation from Phase 2.

Show Stopper — Lack of Funding for Composite Cryo-tank for
Testing

NOTICE: This information is technical data within the definition of the International Traffic in Arms regulation (ITAR) and/or Export Control Administration Regulations (EAR) and is subject to the
export control laws of the United States. Transfer of this data by any means to unauthorized persons, as defined by these laws, whether in the U. S. or abroad, without an export license or other approval
from the U. S. D¢ of State is expressl hibited.
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Structural Health Monitoring (Northrop Grumman)
Development Schedule

1: They should meet this goal based on present information.

2:NGC is starting with the SHM technology at a TRL level of 4 in 2002. They have plans to develop a structural
health monitoring system and integrate it into a full-scale composite cryotank and complete test in 2005
timeframe. So the critical element of this is really having available a full-scale composite tank with this system
integrated into it in 2005. That's the biggest concern because the funding level could get cut on the full-scale
development of a composite tank that is in a separate technology development/funding under GEN2. So, there
are no major issues with respect to developing the SHM system that NGC is proposing here. The issue is with
respect to the availability of a full-scale composite cryotank in 2005/2006 which could face some serious
funding issues given that GEN2 is probably not going to carry two tanks to TRL = 6 (metallic and composite).

5: If funding is maintained for the duration of the project, it is probable that it will come in on schedule.

7: There is a trade-off that should be made between the amount of health monitoring and robustness of
design/analysis. As the vehicle is used for repeated flights some of the health monitoring sensors will become
inoperable and others will produce data that has increasing errors. At some point a decision will need to be
made relative to how many flights can be achieved before the health monitoring system itself must be inspected
and checked out for adequate performance. The cost of maintaining the health monitoring system should be
weighed against the cost of increasing the robustness of design thereby reducing the need for health
monitoring. The reliability of the health monitoring system must consider the sensors, the data system and
everything that is needed to transfer the data from the sensor to the data system. The lowest reliability part of
the system may be the vehicle installed data transmission lines (quite a nest of lines) which must pass through
the vehicle requiring compromises to be made in other disciplines of the vehicle design.

2005 2006 2007

Goal: 2006 years

Technology Success Data

Technology Area: Airframe Technologies I Probability of Success I
Technology Development: Composite Cryotank (Northrop Grumm%
Metric Units Weight EV E\hDeijucé;ui§
Development Cost Million $ 0.50 137 9% 12% W
Development Schedule years 0. 2005 2007 06.9 50%
2Weighted Programmatic Success: 31%
External Inspection Interval missions 86 30% [T
Flight Mission Life missions 232 15% I
Internal Inspection Interval missions 42 26% T
Leak Rate SCIM 399 28% T
Operating Pressure PSI . . 30.7 58% [
Reliability % 99799900 100.00000 99/99950 99.99952 529 [
Weight/Volume Ib/cu 0.100 0.900 /0.220 0.376 13% W
zWeighted Technical Success: 31%
*Combined Weighted Success: 31% ¥ \
Expected Value Deviation —
Expected Value — Mean or Deviation of the EV from the
average value of the goal, calculated as follows:
estimated probability Absolute Value: EV — Goal
distribution. It is the value T
Assumption: The Low to High range contains of the metric expected by Goal
100% of the possible values of the metric. the evaluators A minus sign in front of the
calculated value indicates that
the EV is worse than the goal.
! EV Deviation show by how much the EV misses the goal. It is omitted for certain metrics. .— |:'— _-
2 Weighted Success is the average success probability of the metrics.
3 Combined Weighted Success is average of technical and programmatic Weighted Success. 0% - 20% 20%-50% 50%-100%
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Risk Assessment Matrix

High

Medium

Low

_—@Q —

2%

W
w2

Low

Medium

High

Probability of Failure
(1 — Probability of Success)

Launch Vehicle Propulsion Technology Selection

Deltalsp,| Cost Deltg TR RD"3 Prabability

Seq ls/Cost of Failure

Vetalized Hydrogen 150 2000 00790 2 5 25
Advanced Vhterias 100 1500 0067] 3 4 16
Chamber Pressure 8 1000 0080 3 4 16
Carrbustion Efficency 60 9O 0067, 4 3 9
Nozze Efficency 4 50 0080 4 2 6
OF Ratio 2l 65 003 5 2 4

What is the your investment order?
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Weighted Technology Impact Ranking

(Quantitative assessment after tech portfolio selected and fun

]
S 8
= o g
© ® o »
o @
02” EE&"’ @ 3 3 o
£ £ £ 2837 2z kg 8 2 o 2 g o 2 & = =
g3 358 ¢ 533 8z = x8 33T 828 ¢
§*‘°‘n_n.§"9%o°==_|ﬂ°'m<'53>.sﬁ
¥ & ® 3T ¢ @ 2 < 9 2 S & B £ £ 2 8 &8 & 2 %
s 2 o ¥ 2 B S o = = On.-,,,>u.=g,z,
2 588§ 383 < ¢ < < 3 888§
S 5 g -'w“al-T h I 5 E 5 x oo g
- @ S 5 O 5 O =
=z2222:3:z: [echnologies: ¢3¢t ¢
O » O O & © © §°ﬂ-.‘_-::0
x € O O 60 > a = = < v =
Safety (45%) 0.45 0.45 0.45 0.45 0.45 0.37 0.37 0

w| oo

ol

Loss of Crew
Loss of Vehicle

0.3] 0.3] 0.3] 0.3 0.3 0.3[ 0.3 0‘3 0.3] 0.3] 03] 0.3

018 018 014 014 014 014 014 014 014 014 0.14 0.14 0.14 0.14 0.14 0.

ded)

PEM Fuel Cell GRC
S LOX/ Ethanol TRW

o

Loss of Mission 0.3] 0.3] 0.3] 0.3 0.3 0.3] 0.3] 0.3] 0.3 0.3] 0.3] 0.3] 0.3 0.3f 0.3

Loss of Payload

0.3 0.3] 0:3[ 0.3[ 03] 0.3] 0.3[ 03] 0.3] 0.3 0.3 0.3] 0.3 03] 0.3] 0.3 0.3

03[ 03[ 03]

$/1b (35%) 0.02 0.16 0.11 0.23 0.11 0.09 0.14 0.16 0.11 0.11 0.08 0.08 0.11 0.11 0.11 0.11 0.08 0.06 0.02 0.

11 0.06 0.02

Launch Availabilit!
DDT&E - Average
1st Unit Prod. Cos'

0.3] 03] 03| 0.3] 0.3] 0.3] 0.3
03 03

Annual Ops Cost (
Facilities Cost (10
Technical (20%)

Vehicle Empty Wei

03

03] 03] 03] 03 03[ 03]
0.3[ 03] 0.3] 0.3[ 03] 03|

Vehicle GLOW

0.3

Requirements

Total Weighted Score 0.84 0.59 064 0.54 0.47 0.67 0.54 0.51 0.39 0.27 0.34 0.50 0.41 0.38 0.36 0.36 0.34 0.30 0.30 0.30 0.25 0.26 0.22 0.

Impact Assessment

[ Low | [Negativd

27 0.13 0.09

Comments on Investment Strategy
and Impact Assessment Method

» Very poor choice of technology portfolio (~two-thirds of
technologies have low or negative impact)

« Wrong requirements were developed

+ Systems analysis did not model the technologies
correctly
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Technology Needs

Technology Agency Impact Model

Requirements Enterprise
Flowdown Strategic
Priority of missions within an Enterprise
A
Missions /
Program

Percentage of total missions that architectures are utilized

A
Architecture

Percentage of proposed architectures that capability impacts

&

Capability

Indexed technology impact on capabilities computed by systems
analysis (not yet available for all Architectures) or by expert
opinion

Technology

Technology _ Capability , Architecture , Mission , Enterprise
Impact Impact Impact Impact Impact

Summary
Technology Risk Assessment

Technology risk is based on the probability of technology
development success versus the impact of the technology on
the system

Technology development probability of failure is similar to any
project. Should have defined WBS, requirements, schedule,
cost, etc.

Expert opinion is used for assessment; AHP is one method to
obtain and integrate the opinions.

Expert opinion or systems analysis can be used to define the
impact of the technology on the system.

For total Agency impact, future enterprise missions need to be
prioritized to assess technology global impact and risk.
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Mark Steiner

Systematic Technology Planning -
GSFC Perspective

April 21, 2004

Mark Steiner
Goddard Space Flight Center
Greenbelt, MD 20771

Introduction

How do we integrate systematic technology
investment planning into the process of
architecting NASA’s new space missions?

* GSFC perspective based on:

— Exploration Initiative and current mission planning
environment

— FY 2003 Lidar Technology Pilot Study w/ LaRC
— FY 2004 TAA study w/ JPL

» Goddard’s vision as to what needs to be done next
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@ Strategy-to-Task-to-Technology Process

[ wation's vision |
v
- I 2 |
erationa Available
Environments Technologies Sclence Objectives & Afforda bl?
Concepts of Operations System Design
2 & Development
Mission Concepts &
Regquirements
v
PROGRAM Tasks & Technaology

E‘E System —

Requirement
| T —— | Documents
Characteristics

I Investment Plan

]

Engineering and Technology
Support Across Life Cycle
Strategic technology investment analysis enhances ...
Pre-formulation/Formulation

— Roadmap generation and review - Technology development and review

— Advanced concept development and review - Tracking and execution of roadmaps,

~ Refinement of roadmaps, advanced advanced concepts, technologies, etc.
concepts, technologies, etc. - Requirements and Systems Analysis

— Proposal development and review

Cross Life Cycle Activities
— Risk management
— Project/Program cross-coordination and cross-coupling
Independent technical/ management review
— Lessons Learned Identification & Feedback

Implementation & Decommissioning Approval
- Requirements management - Technology planning
- Design and development of missions, - Approval review engineering and
instruments, systems, technologies, etc. product support
- Product and service delivery - Program/Project plan support
- Integration & test

- Launch, early-orbit check-out
- Operations & sustaining engineering
- Technology Commercialization

... sound decisions across mission and program life cycles.
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Lidar Pilot Study: Charter from Code R

Code R tasked GSFC and LaRC to perform a technology
assessment study of Lidar missions with the following objectives:

1. Develop a process for assessing the system-level benefits of new
technology investments to guide program investment decisions.

2. Establish performance goals for evaluating the progress of technology
development & risk relative to the state of the art.

3. Identify high-payoff crosscutting technologies that are enabling for sets
of future mission concepts with similar scientific objectives.

GSFC and LaRC performed this Technology )
Assessment Analysis (TAA) pilot study 2003

- Used system engineering approach to
determine expected return on technology
investments that could ultimately be used at
the mission, enterprise, or agency level

- Allowed specific technologies to be evaluated
for their impact on life cycle cost

Study Flow - 1

Science inputs

Captured science goals for aerosol Lidar -

¢ Examined ESTIPS database to establish science
objectives for next generation Lidar and found that more
detailed information was needed.

* Performed survey of aerosol-climate community and
Lidar experts to fully populate domain of science
measurement goals (e.g., detect aerosols and clouds and
obtain their optical characteristics).

Derived science measurement needs that drove the
integrated instrument performance requirements (such as
SNR for atmospheric area of interest).
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Study Flow - 2

Science inputs
v
Technology inputs

Captured technology options that would improve Lidar performance

Surveyed technologists and grouped results into generic Lidar
system component options.

Study Flow - 3

Science inputs
v
Technology inputs
\ 4

Modeling

Developed model of aerosol and cloud Lidar instruments: maps
technical performance into instrument performance in area of
atmosphere to be measured.

Developed technology development model (from starting TRL to
TRL 6): maps development risk and investment plan to
technology performance over time.
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Study Flow - 4

Science inputs
v
Technology inputs
v
Modeling

v
Results

Linked models and used them to trade off cost,
development risk, and instrument performance
to optimize technology investment plan.

Technology Development Risk

Huge Potential Payoff

High Technology
High Risk Readiness Level
Moderate
Payoff
Visionary o Proven
Solutions Technologies
Low Risk

Low Technology
Readiness Level

Always a Trade-Off in Technology Investments
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Technology Development Modeling

Technology
Technology Performance SYStem

Development » Performance ——»
Module Model

\> f (TRL, Investment) -/

Technology Development Model System Performance Model
(from starting TRL to TRL 6) maps maps technology performance
development risk and investment into system performance

plan (estimated schedule and

budget) to technology

performance over time.

Technology
Investments

Mission
Enabled

Link models and use them to trade
off cost, development risk, and
system performance to optimize
technology investment plan.

Systems Dynamic Modeling —
Technology Development
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Systems Dynamic Modeling —
Lidar Performance
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The Study Methodology Enables

Combining lidar technology
development modeling . . .

. .. and lidar performance modeling . . .

. .. to determine return on investment. ..
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and provide best estimate as to which
group of technologies would enable the
mission, reduce cost, and be most
likely to enhance overall value.
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FY04 TAA Study

Lidar Pilot Study FY03:

» Develop an approach to
maximize the value of NASA’s

Expansion in FY04:

> Partner with JPL to extend process to

technology investment. space architect’s Design Reference

» Understand process of Missions
gathering information, > Work with other centers (LaRC, ARC)
developing models, and to broaden technology databases, share
presenting results: processes, share results

> Develop a general approach for > Extend performance modeling to
optimizing technology . . ’
investments and apply to include instrument accommodations
LIDAR measurements (spacecraft and ground system)

Unified Agency-Wide Technology Assessment Framework

Unified Technology Assessment
Framework

Features

*Toolbox approach
‘ *Each tool is unique
* Different views based on same
7L Tool e dat

X

*Each tool optimizes over a
specific dimension, depending
on question being asked

* Convergence results in Unified

S Process and helps V&V tools
o

Quantifiable and Risk Based
Technology Investment Strategy
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Reference Missions & Grand Challenges

Reference Missions
(not listed in order of priority)

Grand Challenges

Orbital Aggregation and Space Infrastructure
Systems (OASIS)

Modular, Distributed Structures, Human Protection, Robotic
Assembly

Mars Surface Missions (e.g. Mars Science
Laboratory; Astrobiology Field Lab; etc.)

Long-Range Mobility on Ice; Deep Drilling; Automated
Return Launch; Risk Mitigation (Pre-Phase A)

Lunar Survey Study Mission

Sensor Webs & Data Fusion: Lidar/Radar Instrument Systems;
Multi-Spectral Scanner; Model-Driven Multi-Measurement-
Validated Data Reduction

Earth Biomass (surface, mid-canopy, and canopy
heights.

Lidar/Radar Instrument Systems; Multi-Spectral Scanner

Sensor Webs & Data Fusion

Model-Driven, Multi-Measurement- Validated, Data Reduction

RASC - L2 Earth Observing Telescope

Large deployable mirrors, membrane type shape control,
formation flying

Venus Surface Missions

Extreme Environments (460C temp; 90 bar pressure; sulfuric
acid clouds at 50 km)

Generic Critical Design Review requirements
derived from Pathfinder, Space Station or other
recent mission

Quantify mission-level impact of ECS technologies, such risk
management and human organization, whose primary
contribution is to the design process, and that are not
necessarily embodied within a hardware or software flight
system

NOTE: GSFC and JPL will share performance data on all reference missions.

Study Data Gathering

Have developed a technology list in cooperation with JPL

— Shows who will gather technology information in which areas

Have common technology data gathering template, based

heavily on Space Architect work

Common technology data template and sharing of this and

the reference mission performance information will allow
JPL and GSFC to run common data through both sets of
tools and provide results for comparison

Analyze differences between tools, since view problem

from different but complementary angles:
— JPL — good for matrixing many technologies across many mission

sets

— GSFC - good for in-depth analysis of technology development
within particular mission (performance parameter) set
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Integration of Risk into Technology
Planning

* Risk
— Tools and methodology

* Technology Databases
— NTI, ESTO, Aeronautical DB, ...
* System Analysis Tools
— TAPS, JPL Tool, ...

Risk

System
Analysis
Tools

DB

Ideas for an Integrated Approach

o\

/

(9 a0 /A
TAA Toolbox Risk Toolbox PM Toolbox Other Toolbox
DA ASE ARG HE ST RN SRS SAS

NTI

(GSFC)

Technology Databases;

Guesswork/Gut Feel Replaced with Integrated System Analysis
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Considerations for NASA

Currently -

* We conduct deterministic and probabilistic assessment of existing systems
based on mission requirements

— Probabilistic sensitivity analysis for point solutions (Shuttle, Station, ...)

» system decision trees are often complex and may not capture everything

Future -

» Assessment of entire architecture trade space to include technology
development risk, programmatic risk, operational risk (vehicle, etc.) and
cost

— Effect of technology on system design/development/cost/schedule
* Models to develop probability distribution of expected outcome

— Probability based Genome Model will integrate TRL to provide a powerful
view into future mission strategies and architectures.

Next Steps for NASA

* Get all technology players to play together

* Integrate processes and tools as makes
sense to answer questions at the appropriate
level

* NASA Technology Assessment Technical
Committee??

Unified Agency-Wide Technology
Assessment Framework

41




Louis Lollar

“ATLAS”

Advanced Technology Life-cycle
Analysis System

April 2004

Louis F. Lollar
Advanced Projects Office of the Flight Projects Directorate
NASA/Marshall Space Flight Center

Huntsville, AL

John C. Mankins Daniel A. O’Neil
Deputy Director for Human and Robotic Advanced Projects Office of the Flight

Technology Projects Directorate
Development Programs Division NASA/Marshall Space Flight Center

Office of Exploration Systems (Code T) Huntsville, AL
Washington, DC
Contents

Overview

ATLAS Conceptual Diagram
ATLAS Architectural Overview
Notional Example

Summary
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Overview

Making good decisions concerning research and development
portfolios—and concerning the best systems concepts to pursue—
as early as possible in the life cycle of advanced technologies is a
key goal of R&D management

This goal depends upon the effective integration of information
from a wide variety of sources as well as focused, high-level
analyses intended to inform such decisions

The presentation provides a summary of the Advanced Technology
Life-cycle Analysis System (ATLAS) methodology and tool kit...
— ATLAS encompasses a wide range of methods and tools
— A key foundation for ATLAS is the NASA-created Technology Readiness
Level (TRL) systems
— The toolkit is largely spreadsheet based (as of August 2003)

This product is being funded by the Human and Robotics
Technology Program Office, Office of Exploration Systems, NASA
Headquarters, Washington D.C. and is being integrated by Dan
O’Neil of the Advanced Projects Office, NASA/MSFC, Huntsville, AL

“ATLAS” Approach
Advanced Technology Life-cycle Analysis System
Technology Inputs... R&D and System Priorities
Forecast(s) Plans & Road
eSS I R&D wl System
" Tm/ _ g ::una;,.,,.«fqu g: H Priorities g: H Preferences
IS ] : g1 3T H
= T 7D1)‘ THZ) Da)‘ D« 0 T’l)} ﬂ’} Tﬂ‘z) e D" g"
Systems Analysis & ~ Shdgen e

<

Analysis,

Systems Concepts

\ j‘j\ 7 [ Smpoprmons R L st
Ve Ll

- i E For. A‘p’/:‘m SH H ZJ ITI:’i
a [ H L 1 D
ArChit-eCture T(1) T(2) T(3) T(4) Sy Sy S Sp
Options Systems-Technology Analysis
R 7 Results
System-Level

Y
(Cost Sensitivity to R&D)

) System(s) Life Cycle Economic
Comparison of Options

DDT&E §
¥
i
2

IMLEO
Probability

b 1) Architecture(s)

(1)

[l T(E) T() TQ2) 1(4) M, M, M, M,

LCCS

Cost &
System-Level Mission-Level gt Economics
(Performance) (Reliability & Risk) .
i : B Architecture-Level Analysis Results
_J/ Engineering Analysis \_  (Cost Sensitivity to R&D)
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Advanced Technology Life-cycle Analysis System (ATLAS) Model
Architecture Overview

r v
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Notional Example Analysis
Lunar Rover to Collect Ice from the Lunar Craters

Notional Scenario
Launch elements to LEO for construction
LEO to Lunar Orbit
Base system/Rover to “Edge of Crater”
Rover descends into the crater to retrieve some ice
Rover brings the ice back to the base unit

« Analyst chooses(with help from ATLAS)

Launch Vehicle
LEO Base Configuration
Orbital Transfer Vehicle
Base Vehicle
Lunar Rover

* Output Data from ATLAS
— Mass statement(s) for each subsystem and/or 18 subsystems

DDT &E (6 year cycle)
Cost for each system and/or 18 subsystems
Theoretical first unit cost
Life cycle costs
Views of the intermediate steps of the process
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Summary

» A central challenge in the management of innovation
lies in making good decisions in the absence of
complete information

— The conundrum is that the earliest decisions have the greatest
affect on project outcomes, and yet they must be made at the time
when there is the least detailed information available

« The ATLAS modeling system is being developed to
contribute to the resolution of this challenge

— By providing a single (high-level), desk-top tool that integrates
information on, and analytical relationships among various missions,
architectures, systems, technologies and associated metrics, and
costs

« Although considerable work remains, it appears likely
that ATLAS will begin operations—and to make
meaningful contributions to Agency decisions—during
FY 2004
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e Othar Hansson

The CICT Earth Science
Systems Analysis Model

COMPUTING
INFORMATION &
COMMUNICATIONS
TECHNOLOGY

Barney Pell, Joe Coughlan,
Bryan Biegel, Ken Stevens,
Othar Hansson, Jordan Hayes

NASA Ames Research Center
& Thinkbank, Inc.
April 2004

The ESSA Team

e Task leads:
Barney Pell (Lead), Bryan Biegel (Co-lead),
Joe Coughlan (Science Lead),
Walt Brooks (Science Co-Lead)

e Subcontractor:
Othar Hansson & Jordan Hayes, Thinkbank

e ARC team:
Ken Stevens, Peter Cheeseman, Chris Henze,
Samson Cheung, et al.
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Enough About Me

e Research collaborations with NASA Ames since 1989
(heuristic search, data-mining, planning/scheduling).

e PhD (Computer Science), Berkeley.
Using decision analysis techniques for search control
decisions in science planning/scheduling systems.

e Thinkbank:
custom software development,
software architecture consulting,
technology due-diligence for investors.

Agenda

CICT Systems Analysis

Our modeling approach

— a 3-part schematic investment model of
technology change, impact assessment and
prioritization

A whirlwind tour of our model

Lessons learned
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Systems Analysis in CICT

e Demonstrate “systematic and thorough investment decision
process” to HQ, OMB and Congressional Decision Makers

e Increase awareness and substantiate CICT's impact to
missions. Road map CICT projects to missions and
measurement systems

e 4 teams in FY03:
— 2 pilot studies (Earth Science [me]; Space Science [Weisbin]):
explore models for ROI of IT.

— TEAM: map from NASA Strategic Plan to IT capability
requirement; technology impact assessment

— Systems Analysis Tools (COTS/GOTS)

Earth Science Pilot Study

How do we characterize and quantify a
science process?

Can we build a model of how CICT
technology investments impact ROI in a
NASA science process?

What modeling approach is suitable for
making such analyses understandable and
repeatable?
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Current State

What have we learned? (FY03)

e Decision analysis modeling techniques can be
applied to systems analysis of CICT project areas.
Built model of weather-prediction data pipeline.

What don't we know? (FY04)

e How much time/expense needed
to build a full model

e How such a full model fits into a real
NASA program context
(CDS: Collaborative Decision Systems)

Pilot Study Focus

e Criteria for science process to study

— Important to a major customer base,

— Significantly drives technology investments
— Generalizes to a class of related processes
— Amenable to quantitative analysis.

e 2010 Weather Prediction process

— Critical Earth Science process with relevance not only to
NASA scientists but to the nation at large.

— Stretch goals require technology breakthroughs.
— Strong technology driver for other science problems

— Starting point: analyses from ESE
computational technology requirements workshop (4/02)
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Pilot Study Accomplishments

Identified modeling formalism (influence
diagrams)

— Clear semantics accessible to both ES & CICT experts

— Tools exist for sensitivity analysis, decision-making,
etc.
We chose Analytica as our modeling tool.

— Successfully transferred/applied to Space Science pilot
study as well.

Built a model with an understandable, simple
structure (after much research and many
iterations).

Demonstrated the kinds of analyses made
possible by the model

Agenda

CICT Systems Analysis

Our modeling approach

— a 3-part schematic investment model of
technology change, impact assessment
and prioritization

A whirlwind tour of our model

Lessons learned
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Methodology: Decision Model

Overall
System Value

——

e

Q1: Which technology investments should I make?

Q2: How does each technology investment improve
overall system/mission value (including cost
considerations)? Choose investments with highest

value.

Filling in the Decision M I
System
Performance &
Cost Overall
System Value

e

System
Priorities
Model

System value is a function of a set of metrics (accuracy,
fidelity, cost, etc.). We can model the priority among
the metrics independent of the technologies used.

Technology investments have value in that they improve
these metrics.
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Filling in the Decision M I
System

Performance &
Cost Metrics

System
Characteristics

Overall
System Value

System
Priorities
System- Model
Assessment
Model

The metrics can be modeled in terms of abstract system
characteristics (data volume, algorithm accuracy,
processing speed, model fidelity, ...).

Filling in the Decision Model

System System
Characteristics Performance &

Cost Metrics
Overall

System Value

System
Priorities
Model

System-
Assessment
Model

Technology investments, together with some mission-
specific parameters, influence the system characteristics.
A technology investment (such as data visualization
research) has value in that it improves system
characteristics (such as model fidelity).
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Methodology: Influence Diagrams

System System
Characteristics Performange &
Cost Metrics

Overall
System Value

System

System- % Priorities
Change ysten- Model
Model Assessment

Model

We've sketched an “influence diagram” model of the
decision.

Q: What tech. investments maximize expected overall system value?

Q: Value of model refinement: How sensitive to assumption A?

Q: Value of information: what if we knew that project P would succeed?
Q: Value of control: what if we could reduce risk of project P failing?

Influence Diagram Details

System System
Characteristics Performance &

Cost Metrics

Overall
System Value

System
Priorities

Change System- Model
Model Assessment
Model

Influence diagram tools (such as Analytica) allow you to specify and
evaluate these models. Diagram structure and decision analysis
techniques speed specification of required parameters.

“What-if” and optimization questions reduce to the problem of
computing functions of conditional prob. distributions:
“best” technology investment is:

argmax [E(Overall System Value | Technology Investments)]
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Agenda

CICT Systems Analysis

Our modeling approach

— a 3-part schematic investment model of
technology change, impact assessment and
prioritization

A whirlwind tour of our model

Lessons learned

The ESSA Model

5 System
Performance &

Cost Metrics Overall

System Value

System
Priorities
Model

Our set of 5 metrics include:
development cost, operations cost, accuracy, model fidelity, etc.
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The ESSA Model

12 System 5 System
Characteristics Performance &
Cost Metrics
Overall
System Value

System

/ Priorities
‘ System- Model
Assessment
Model

Our 12 System Characteristics include:
observation density, assimilation efficiency, cpu efficiency, etc.

The ESSA Model

12 System 5 System
Characteristics Performance &

Cost Metrics Overall

System Value

System

System_ PriOrities
Change System- Model
Model Assessment

Model

Our 13 technology investments include: data-mining, launching a new data
source, targeted observing, etc.

Each represents a research area, summarizing a range of individual
research tasks or proposals.
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12 System 5 System
Characteristics Performance &
Cost Metrics
Overall

System Value

System

System- / Priorities
Change Sy stem- Model
Model Assessment

Model

System-Assessment Model: the most stable part of the model,
owned/designed by a customer domain expert who understands the

behavior of the system/mission being analyzed.

System-Assessment model computes System Metrics from System
Characteristics

System-Assessment Model

data selection | - em
e proces_s. - ... .| characteristics J - ----- .- ..
characteristics [~ o octad: . / .
data to asssimilate: - - . o - - - -
- - : information - : : -
bytes/finterval Y :
Here is- the model of b - System -

--------------- assimilation
process : : - icharacteristics drive systerm -

: . system metrics (cost & Dther
: assimilated :
c information e

_r_,; characteristics
utility attributes). We have trnad

; - - | model dew and
: : impl process
characteristics

o break the rigdel into ricdules
corresponding to the processés in
the underlying dataflow. Each
process (tan rounded rects) has

several-outputs (blue ovals) that

’ are in turn inputs to subsequent
model cost : model fidelity J» processes. These intermediate
o0y <. . 1. Jjvalues decouple the models of the;.

simulation
process
characteristics

simulatian .
cost -

forecast
accuracy
assessment

system days Df use -
a s forecast

operations cost forecast skill p -

confidence .

" - AT = 7 .

=Syst—em per—formanc:g-and-cost _mEltrlcs R BRI S S ceee
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Example System Characteristics

0-1 scale: how much information is retained

Assimilation effici . o e . s o
sstmilation efficlency despite approximations in data assimilation?

>0 : percentage speedup in CPUs due to R&D

CPU efficiency investments

0-1 scale: how much information is present in each

Data efficiency bit of data selected?

0-1 scale: how much improvement in forecast skill
do we get from using ensemble algorithms?

0-1 scale: how much fidelity is present in our
models?

0-1 scale: how many of the available observations
do we make?

Ensemble efficiency
Model framework

Observation density

Postprocessing 0-1 scale: how much improvement in forecast skill
effectiveness do we get from using post-processing?

> 0: percentage speedups in simulation due to

Simulation efficiency R&D investments

Instantiating the Model

12 System 5 System
Characteristics Performance &
Cost Metrics Overall
System Value
Technology
Investments
System

System Priorities

Change System- Model

Model Assessment

Model

System-Change Model: owned/designed by a program manager who
understands the feasibility and impact of different research areas.

System-Change model computes System Characteristics from the set
of Technology Investments chosen (and system/mission config
parameters)
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System-Change Model

e “Impact matrix” quantifies the changes to system
characteristics that will occur if individual research
projects succeed.

e “Cost matrix” quantifies cost breakdown for each
research area.

e Portfolio of research areas determines what
impacts will be felt.

e (In an extended model, cost and impact could vary
over time.)

System-Change: Research Areas

¢ Data-efficient simulations (same data size)
choose a more informative set of observations to improve forecast skill at
the same computational cost

¢ Data-efficient simulations (less data)
reduce number of observations (and reduce computational cost) w/o
reducing forecast skill

» Targeted Observing
ditto, but also gather more targeted observations based on ensemble
accuracy estimates (e.g., the SensorWeb concept)

¢ Adaptive grid methods
reduce number of grid points by using regional forecast as boundary
conditions

e Improvements in ensemble methods
reduce number of ensembles needed to get similar accuracy estimates
(e.g., through use of particle filter technology)

o Data-mining of model outputs
increased skill from same model output via data analysis & visualization
(intelligent data understanding)
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System-Change: Research Areas

¢ Modeling tools
ESMF and other initiatives to make modeling efforts more
productive

o System Management/Tuning tools
Auto or Semi-Automatic Parallelization tools, Benchmarking,
Cluster management, etc.

¢ Instrument models
tools for creating more accurate instrument models.

e Launch new data source
collect additional types of observation data by launching a new
instrument.

e Launch replacement data source
collect a new type of observation data, but keep the total amount
of data processed the same.

¢ Higher resolution models
develop higher resolution models and move to higher resolution
simulation

Research Area Impact

Impact matrix has a value for each pair (13 research areas x 12
system characteristics): 156 possible, but only 18 are nonzero.

Impact can be positive or negative:
Impact(targeted observing, observation density) = low neg.
Impact(launch new data source, observation density) = low
Some more examples:
Impact(targeted observing, targeting efficiency) = low
Impact(system mgmt/tuning, cpu efficiency) = low

Impact(adaptive grid, simulation efficiency) = medium
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Impact Matrix

Assimilation efficiency
Assimilation density

Cplu efficiency

Downlink density|

Ensemble efficiency

Mode] framework

Observation density

Observation effidiency

Postprocessing
Simulation efficiehcy

effelctiveness

Targeting effficiency

data-efficient simulations
(same data size)

data-efficient simulations
(less data)

- Datta efficiendy

targeted observing

adaptive grid methods

improved ense mble
methods

data-mining of model
outputs

I1

modeling tools

system mgmt/tuning lo

launch new data source

launch replacement data lo
source

instrument mode Is lo

higher resolution models lo

(lo)

Qualitative > Quantitative

Impact is parameterized qualitatively (lo, med, hi). This

qualitative scale is then quantified inside the model.

Each of the parameters has a different interpretation
under the four scenarios (pessimistic, consensus,
optimistic, ideal). This allows us to compare in a best-

case vS. worst-case manner.

pess. cons.
Lo .05 1
Med 2 3

Hi 3 .5

optim.

.15

4
7

ideal
1.0
1.0
1.0
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Instantiating the Model

12 System S System
Characteristics Performance &
Cost Metrics
Overall
System Value

System
System- Priorities
Change System- Model
Model Assessment
Model

System Priorities Model: designed/owned by program
manager cognizant of NASA priorities

System Priorities Model computes overall System Value
given the System Metrics.

System Priorities Model

g : - - ‘are we concerned | i
. : basicfapplied |
science W
understanding /

: ‘with basic research |
: charter - .
; ; ior applied research? |
\‘ responsiveness
~ : : to charter

¥

: : value of 1
value to f wvalue to risne s B
" farmer | scientist o
stakehalder -\ stakeholder

application/
relevances
usability

value to
coast-dwelling
stakeholder

value from
MAS A,
perspective

forecast skill

averall
4 system value

................

haseline
calculations

The baseline is defined as the |
isystem value if no additional !
v & S ttech-investments are-made - -
net : . . .
| improvernent  } : : :
. . . in value iincrease in overall i . . .
R R R : Systernvalueas LT SRR SRR o
icompared to baseline!
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Review: Combining the Models

12 System 5 System
Characteristics Performance &

Cost Metrics Overall

System Value

System

System- Priorities

Change System- Model
Model Assessment
Model
R Ilts: Cav

Remember: results (evaluations, ROI, etc.)
must be understood as a function of the inputs used
to calculate the results:

f(model, assumptions, priorities)

Priorities depend on perspective:
we model basic (science value only)
versus applied (economic value only)
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Evaluating Research Areas

0 P L]
midw | pid value of net improvement in value =
i) utility model ey
]_,l optimism over research outcomes -

proposal 2 I+ none o
| proposal 1 - | [~ Totals

=~ | basicfapplied charter - ID [~ Totals

basic applied =
none u} a
data-efficient simulations (same data size) 158.54m G085 .9
data-efficient simulations (less data) = 18.54M 506 .50
targeted observing 22.56M 952 .6M
adaptive grid methods 3977 357
improved ensemble methods -10 1.536G :
data-mining of model outputs -10 2560
modeling tools 6 .035M 108 1M
sy=temn mgmitituning 3.277M 3577
launch new data source ' 35.01M 1.528G
launch replacement data source =20 -20
ingtrument models 3BT 159 20
higher resolution models a a

Basic: launch new data source (35M) & targeted observing (22M)
Applied: data-mining (2.5B) & improved ensemble methods (1.5B)

Evaluating Research Areas

£ Result - net improvement in value

Mid Value of net improvement in value

basic/applied charter

p8 | utility model
optimigm over research out
proposal 2 s R
Key: [ HoIndex v |
X Axis: | proposal 1 - |

4G
o
=2
]
E
£
€
T
£ 26
H
o
a
£
ki
c

o- T T T 1

none data-efficien... data-effici... targeted ... adaptive gri...improved e... data-minin... rmodeling... systernmg... launch new... launch re... instrurent ... higher re...
proposal 1

o
=2
]
E
£
€
T
£ Z0M 4
H
2
a
E
k1
c

nore  dsta-efficien... data-effici.. targeted .. adaptive gri .improved e data-minin.. madeling

systern mg.... launch new._ launch re. . instrument . higher re
proposal 1
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Sensitivity Analysis

Sensitivity to “optimism” variable: two research areas have vastly higher

potential impact under ideal assumptions. Pessimistic view of data-
mining exceeds optimistic assessment of other areas.

£ Result - net improvement in value

mid¥ ] Mid Value of net improvement in value

@ bagic/applied charter

(IRl utility model
proposal 1 < none s

Key: | optimism over research outcomes v I

X Axis: | proposal 2 - I

d

200G

100G

met improvernent in

. data-mi... modeling... swstem... launch ... launch re.. instrume... higher re...
proposal 2

Key  optimizm over research outcomes
mmm pessimistic

Synergy Between Research Areas

We can look for synergies by finding pairs of research
areas with much higher value than the two areas
individually...

Under the applied research focus:
Biggest synergies

Launch new data source ($1.5B)
+ targeted observing ($1B)
yields a synergy of $700MM

Launch new data source ($1.5B)
+ data-efficient simulations ($800MM) vyields a
synergy of $400MM
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_Understanding the Model _
RN _______

.............. * assimilation
flow through the assessment

process - :
assimilated
- - A infarmation .~
3 ool model. We can diagnose our

‘-4' characteristics
....... aSSumptlonSbyanalyzing

odel fidelity )» how these variables vary as

-rnodel dev and.
....... : WCVaI'yI'CSCaI'ChaI'ea.

- | data selection
process
characteristics

data to asssimilate:
bytessfinterval

BLUE OVALS summarize
the way that system changes

impl process

simulation
process
characteristics |-

system

operations cost

| .iSystam perormance.and cost metrics .

Agenda

CICT Systems Analysis

Our modeling approach

— a 3-part schematic investment model
of technology change, impact
assessment and prioritization

A whirlwind tour of our model

Lessons learned
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Modeling lessons learned...

Model and modeling technology should be:
e understandable and easy to use

and should support:
e varying levels of detail (qualitative->quantitative)

e varying scope
(cross-cutting value as well as mission-specific value)

e development of models by distributed stakeholders
e multiple uses / answer multiple questions

e varying assumptions/priorities

e communication/debate/collaboration

Lessons learned...

e Model preferences of different stakeholders
explicitly

o Allow for easy variation in assumptions (“what if
our model is wrong? ...our estimates overly
optimistic?”)

e Compare impact of each technology to a no-
investment baseline

e Make models modular and decoupled:
technology investments -
system characteristics >
performance metrics >
“return” or "mission value”
(three arrows == three submodels)
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End of workshop talk...

Full report is available at
http.//support.thinkbank.com/essa-final
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Study Staff & Roles

»JPL

= J. Derleth, Mission & Technology Portfolio Optimization
A. Elfes, ECS Data & Analysis

B. Kennedy, ECT Data & Analysis

R. Manvi, Tech Life Cycle & Risk Management Model
K. Shelton, Mission & Technology Data Base

J. H. Smith, Integrated Risk Analysis

G. Rodriguez, System Analysis

» GSFC staff (M. Steiner, J. Azzolini, J. Mapar, C.
Stromgren)

Study Objectives

e Perform a pilot study of sufficient breadth which
demonstrates in an auditable fashion how advanced space
technology development can best impact future NASA
missions

— Include wide spectrum of missions & technologies
— Can add new missions & technologies easily

— Optimize technology portfolios

— Lead to rapidly prototyped example

* Show an approach to deal effectively with inter-program
analysis trades

* Explore the limits of these approaches and tools in terms of
what can be realistically achieved (scope, detail, schedule,
etc.)
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Technology Portfolio Optimization Approach

Collect performance data for many individual
technologies; each data input is viewed as a statistical
sample representing an expert assessment

Group the technological data into a tree-like
hierarchical model to predict “integrated” system,
mission, and multi-mission impact of individual
technologies

Search computationally for technology portfolios with
optimal science return, risk and cost impact

Investigate sensitivity of the optimal portfolio to
changes in available budget levels

Major Study Challenges

Reference Missions: assess mission value; characterize capability
requirements

Technology Projections: characterize performance; manage widely
dispersed and non-uniform data

Uncertainty: incorporate & manage widespread uncertainty

ROI Measures: formulate suitable value function for portfolio
analysis

Layers of Abstraction: choose and maintain appropriate level of
analytical abstraction

Technological Boundaries: boundaries of technology domains not
clearly marked

Many Scales: large differences in cost and performance scales for
different technologies

Performance Parameters: not fully understood for some technologies
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Implementation Approach

« Iterative in three phases (keep eye on big picture early, and
continuously)

— Phase 1 minimalist multi-mission set; ECT/ECS technologies
— Phase 2 more extensive set of missions & technologies (June 04)
— Phase 3 completion of full study (December 04)

« Maintain high degree of connectivity

— Space Architect

— Revolutionary Mission Concepts

— Advanced Space Technology Programs
— Enterprises

— Centers

— FEtc.

Pilot Study Reference Missions
(Organized by Science-Site Location)

Pilot Study Reference Missions
[

| I I I |
[Inner Solar System| | Earth Observation | | Earth's Moon | [ Mars | |Outer Solar System |

Venys Surface Biomass™* OASIS* Mars Science Lab Titan Surface
(1-site land)
Venus Surface Lunar Sample Return Mars Scout Line

(Multi-site-land) Europa Lander

Remote Lunar Survey™ Mars Astrobiology Lab

Comet Sample Return
Lunar Precursor

Resource Survey Mars Sample Return

> Initial reference mission set as of April 15, 2004
»More missions and enabling technologies will be added
throughout the period of performance of the study

* OASIS is a near Earth transportation infrastructure that enables access to the Moon. It consists of:
a Hybrid Propellant Module, a Chemical Propulsion Module, a Solar Electric Propulsion Module,
and a Crew Transport Vehicle.

** GSFC contribution to this study focuses on these missions
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Reference Missions & Major Challenges
(Minimalist Mission Set for PHASE [)

Reference Mission Classes

(not listed in order of priority) Major Challenges

Earth’s Moon: Orbital Aggregation and Space Deep Space Robotic Rendezvous & Docking; Long Term
Infrastructure Systems (OASIS); Lunar Remote Cryogenic Fuel Storage in Space (>2 years); Long Life Ion
Survey; Lunar Surface Missions; etc. Engines(>15 K-hours)

Mars Surface: (e.g. Mars Science Laboratory; Long-Range, Long-Life Mobility (10’s of kilometers, >600
Astrobiology Field Lab; Mars Sample Return; etc.) sols); Substantive Sample Collection and Return (>1kg,

0<depth<100m subsurface)

Earth Observation: Biomass Lidar/Radar Instrument Systems; Multi-Spectral Scanner;
Sensor Webs & Data Fusion

Outer Solar System: Titan Surface; Europa Lander Extreme Environments; Sub-Surface Ice Mobility

Inner Solar System: Venus surface; comet sample Extreme Environments (460C temp; 90 bar pressure;
return sulfuric acid clouds at 50 km)

» Technologies to be evaluated will include:
= Technological products in several discipline fields (aimed at operational flight
system implementation (e.g. advanced materials, structures, etc.)
= Risk assessment tools and infrastructure to allow for risk quantification, and risk
mitigation during an entire mission life-cycle, but that do not necessarily appear in
the flight system implementation (e.g. risk management methods)

Enabling Technologies for Which
Data Has Been Collected to Date

* Extreme Temp & Pressure Components, Thermal Control,
Pressure-Vessel-Encapsulated Electronics (Venus)

* Electric & Chemical Propulsion; Reaction Control;
Multifunction Structures; Fuel Storage & Control; Syntactic
Foams, Formation Flying (OASIS)

* Entry Descent & Landing; Surface,Aerial,Subsurface
Mobility; Manipulation, Drilling, Sampling (Mars, Titan,
Comet, Lunar Surface)

* In-Space Inspection, Maintenance, Assembly (OASIS, Large
Observatory Platform, Gateway, Space Solar Power)

* Risk Methods, Tools and Workstation; Mishap Anomaly Data
Base; Complex Systems Research; Risk Characterization &
Visualization; etc. (All Reference Missions)
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Enabling Technoloqgy Areas

(for which data has been collected to date)

Enabling Technology Areas Missions
Electric & Chemical Propulsion; Reaction Control; Multifunction OASIS
Structures; Fuel Storage & Control; Syntactic Foams, Formation Flying;
In-Space Robotic Inspection, Maintenance, Assembly
Entry Descent & Landing; Surface, Aerial,Subsurface Mobility; Mars, Earth’s
Manipulation, Drilling, Sampling Moon, Titan,

Comet

Risk Methods, Tools & Workstation; Mishap Anomaly Data Base; All
Complex Systems Research; Risk Characterization & Visualization; etc.
Extreme Temp & Pressure Components, Thermal Control, Pressure- Venus, Titan,
Vessel-Encapsulated Electronics Europa

Technology Areas are Decomposed into Many
Sub-Areas & Performance Parameters

A Few Typical
Technology
Areas

A Few Typical
Technology
Sub-Areas

A Few Typical
Performance
Parameters

Multi-Function Structures

Modular, Distributed Structures,
Deployable Structures, etc.

Contract/Extend (cm), Power per
Mass (W/kg), etc.

Fuel Storage & Control

On Orbit Cryrogenic Fuel Transfer,
Tank Pressure Control, Fuel Storage,
etc.

Flow Rate (kg/min), Pressure
(kPa), Time (yrs), etc.

Subsurface Ice Mobility

Range, Radiation Dose, Payload
Capacity, Ambient Pressure, etc.

Distance (km, mRads), Mass
(kg), Pressure (atm), etc.

Extreme Temperature & Pressure
Components

High Temperature Electronics,
Permanent Magnets, Energy Storage,
etc.

Temperature (Celsius), Pressure
(Bars), Energy Density (Whr/1)
etc.

Risk Methods, Tools &
Workstation

Model Based Risk Analysis, Mission
Risk Profiling Capability, etc.

Accessibility, applicability to
multiple mission phases, risk
mitigation coverage

This is an early draft for April 15, 2004. Please do not distribute.

73




5 ;
degree Celsius 25 6 5 1
L 6 5 1
—— :
- 480 460 500 6 5 1
Parameters and Requirements 0w w0 & s
i
degree Celsius + 600 3 460 460 450 460 1.25 460 460 450 460 6 5 1
S T e R
degree Celsius + 350 3 460 460 450 470 6 5 125 460 460 450 470 6 5 1
Sl I

High Temperature B 10S)
6 5 1

Multi-Sensor Integr

Sample Acquisition
P

MOS)

sayouelg A3ojouyo9,

eeeeee

High Temperature Bat
Na-S Re-Chargeable Bt

%0 % 80 100
460 460 450 470
%0 9 80 100
4 4 3 H E
500 500 480 510 E
%0 % 8 100 6 5 1
460 460 450 40 501
90 % 0 100 6 5 1
% 2 18 2 6 5 1
10000 10000 8000 12000 51
460 460 450 40 6 5 1
200 200 10 250 6 5 2
460 460 450 470 502
H H 4 6 R
200 200 180 220 51
460 460 450 470 501
5 5 4 6 501
100 100 80 120 5 1
200 200 180 220 5001
460 460 450 470 51
5 5 4 6 501
6 5 1 501

Whiikg 6
degree Cel 6
Yrs 6
5 |# of Recharge Cycles # 6
[NO/NIC12 Rechargeable Batteries 4
5 |Energy Density Whrikg 6
5 |Operating Temperature degree Celsius 6
5 |shelf Lifetime Yis 6
5 |#of Recharge Cycles # 100 100 80 120 6

This is an early draft for April 15th, 2004. Please do not distribute.

Mission & Technology Data Base

-- Current Size Summary --

* Size of Mission & Technology Capability Data Base (as of April 15,
2004)

— 13 missions covering wide spectrum of NASA strategic plans

— 23 technology areas (structures, energetics, extreme environments, surface
mobility, etc.)

— 86 technology sub-areas (batteries, payload capacity, thermal control, etc.)

— 167 technological performance parameters (power density, operating
temperature, etc.)

- Remarks About Data Base

— Current data set is more detailed in some areas than in others
— More technologies & detail will be collected in subsequent phases
— Our analysis methods can handle data sets with non-uniform detail

This is an early draft for April 15th, 2004. Please do not distribute.
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Risk Related Requirements

(from Point of View of a Project Manager)

* Risk Management Must:

— Delineate major risks: Technical, Human, Organizational,
Budgetary, and Schedules ;estimate and rank risk levels

— Provide ways to visualize risk elements, time profile, and

mitigation strategies

— Assure that the systems and trade analysis includes cost,
performance, and risk

— Provide auditable benefit/cost of implementing begin-to-end risk

mitigation strategies

Connecting Risk Technologies
to Requirements

Requirements:

QO Delineate major risks: Technical,
Human, Organizational, Budgetary,
Ia\nd ISchedules; estimate and rank risk
evels

Q Provide ways to visualize risk
elements, time profile, and mitigation
strategies

QO Assure that a substantial portion of
the design space is explored
including cost, performance, and risk

O Provide auditable benefit/cost of &
implementing end to end risk
mitigation strategies

Technolo
Areas

ECS
[ rso | | kess | [ srrm |

Approach

Technology
Performance
Attributes

=======

LLTTTTTTTTT T T Tasks

ECS: Engineering of Complex Systems
» SRRM: System Reasoning and Risk Management

» KESS: Knowledge Engineering for Safety and
Success
» RSO: Resilient Systems and Operations
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System Reasoning and Risk Management
(SRRM) Project Executive Summary

Goals

Objectives

Challenges

Approach

Advance scientific and engineering
understanding of system risk,
complexity, and failure.

Develop processes & tools to identify,
characterize, mitigate, trade, and track
full lifecycle mission risks.

Risks not well
understood or well
characterized,
especially in early
design phases

Risk not an
inherent resource
in design tradeoffs

Data and interactions
in complex systems
are difficult to model

and visualize

Integration of tools &

data of differing detail,

context, and pedigree

for variety of decision -

makers

Analyze & model
events and
interactions which
have lead to system

Develop capability to
fully characterize and
model risk signatures
early and consistently

Mature & improve
fidelity of subsystem
models to capture
failure modes and

Broaden the design
space by fully
integrating models
and demonstrating
the utility of risk as

mishaps and failures consequences a tradable resource
! .
Potential to understand : :
. Risk model End-to-end risk Degree of
A | f i
Technology :i(s:::rsi:)all I:iys: a[\d reduce d_eas!gn enhancement integration for Alignment
Performance risks and optimize (potential for better breadth of domain | | (Effectiveness
event data resources to model credibility) in percent)
Attributes retire risks

Attribute Definitions

g:ss; ey wa— 10 Easy to use DB spans multiple mission/projects with risk events categorized
I for search.
Access I blllty Of 5 DB may be limited to specific category or series of missions.
ri S k d ata Supporting datalverifications are anecdotal (narrative) format without
Worst categories of risk events for easy search. May require further processing to
Case ¥ 0 another format.
Technology helps to identify and reduce risks during early phases of project
295' — 10 (Phase A/B) with potential to dramatically reduce overall project costs by
Potential to ase reducing rework.
- 5 Technology helps identify/reduce mission risks for Phase C/D; Large
red uce dGS|g n potential cost benefits if used. Provides a screen that limits potential risks
. from passing CDR.
risks Worst o .
Case L 2 Technology helps identify technology development or subsystem risks, but
0 may or may not influence overall system risk.
Best — 10
Case 4 Technology provides new approach for addressing design risk life-cycle or
Ri s k mo d el part of life-cycle not previously addressed (e.g., mgmt, org. risks)
5 Technology either provides new, more effective approach for risk analysis
en hancement or fills missing gap in temporal or breadth of risk analyses (but not both)
vg::t Y 0 Technology does not address ing gap in design life-cycle.
Best 10
Case —_—1 Technology provides synergistic integration with other tools and databases
= fully compatible with emerging design enviror (temporal and breadth).
End-to-end risk . e o .
5 Risk technology allows interaction with 1 but be
integ ration integrated with other stand-alone applications.
Worst Technology is stand-alone; focused, narrow; little breadth or temporal range,
Cast Ym0 databases are separated with little or no connectivity. Integration difficult.
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All SRRM Technology Areas Are
Included for the Pilot Study

© ® N o a ~ ODdD=

Risk Methods/Tools (RMT)
Risk Workstation (RWS)

Mishap/Anomaly Database (MAIS)
Model-Based Hazard Analysis (MBHA)
System Complex Research (SCR)

Risk Characterization/Visualization (RCV)
Risk-Based Design (RBDO)

Data Mining Research (DMR)

Investigation Methods/Tools (IMT)

Typical SRRM Technology Area Data*

Technology Level Metric Unit Polarity SOA | Low | ML | High M
+ = Better if
. Current Technologist’s estimate | How much the
rf
. What unit pe T:-m: nce state-of-the- | of low, most likely, and technologist
How r;r:;LT::ce s ?::ZT;:?:: I_s 9 er.f art for high values of what will needs to
o - ;fB*‘“e' I similar be provided to the achieve TRL 6
pe' ormance technologies mission in $M
is lower
ECS 1
SRRM 2
RISK Methods & Accessibility of Historical
4 Risk Event Data 0-10 + 4 7 8 9 2

Tools

Potential to Understand and

Reduce Design Risks and

Optimize Resources to Retire 0-10 * 1 7 8 9

Risk

Risk Model Enhancement

(Potential for Better Model 0-10 + 2 9 10 10

Credibility)

End-to-end Risk Integration

for Breadth of Domain 0-10 * 2 8 9 10

Extent of Needs Covered 0-1 + 0.5 07 038 %

*SRRM data cast in same format used for all other technologies (shown in slide 14)
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vvvvvv

[Electric Propulsion

Chemical Propulsion |
Radio-Thermal-Electric Power

Reaction Control [
Multfunction Structures

Deployable Structures | ]

Fusl Storage & Control |||
Environmental control

Foams [ [ 1
Thermal Control I I
Autonomous Nav & Docking [

Temperature Sensors |
Pressure Sensors |

Position Sensors

High Temperature Electronics for Sensors (CMOS) .
Multi-Sensor Integration | [ |

Actuators Operating at High-Temperatures |
High-Temperature Electronics for Actuators (CMOS) | [ |

Permanent Magnets (Cobalt-Samarium)

High Temperature Batteries (Primary)

High Temperature Batteries (Re-Chargeable) .

Phase Change Material Thermal Storage [ |

Thermal Insulation

Thermal Switches | [ |

Heat Pipes

Active Refrigeration

Pressure Vessel | [ |

Smart Surface Coatings

Sulfuric Atmosphere Protection | [ |

Robotic In-Space Assembly [ 1
Robotic In-Space Inspection |
Robotic In-Space Maintenance [

Surface Mobility
Aerial Mobility

Subsurface Ice Mobility
Micro-g/Cryovac Mobilty
Manipulation

Drilling

Sampling

Investigating Methods/Tools

Data Mining Research

Risk Based Design

Risk Characterization/Visualization

Il =1-2 technologies
=3-4 technologies

- =5 or more technologies
=missing data
=possible tech need

-""E:=_ =

Analysis Options Used to Get Typical Results
in Slides 25-30

Analysis Options Used

Other Options Available

Uniform science-return value for all
missions

Can assign non-uniform science return
value (user prescribed)

Uniform value for all technologies at the
same hierarchical level; “democratic”
hierarchy

Can prescribe general technology
organizations; based for example on mission
and system decomposition

Technology correlations and co-
dependencies set to zero

Can explicitly include correlation & co-
dependency parameters when available

Risk estimates based only on performance
uncertainty

Can include cost, schedule and other risk
factors

Identical development time (~10 yrs) for all
technologies

Can vary technology development time as a
model parameter

TRL data not included in technology
projections

Can analyze TRL data within existing
analysis framework
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Suggested $M for Each Area

Overall Investment Strategy
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-

o

o

o
|

800 -

600

N

o

o
|
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B ECS Technologies
OExtreme Environments/Venus |

Surface Mission TEE
OOASIS I I
M In Space Assembly i I
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SURFACE MISSIONS I
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525 650 775 900 1025 1150 1275 1400
Budget, $M
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150 27 0

Suggested $M for Each Area

350

Surface Mission Technology Areas

300 -

250 -

200 ~

150 -

100 -

50 -

B Sampling

O Drilling

H Manipulation

O Micro-g/Cryovac Mobility
O Subsurface Ice Mobility
W Aerial Mobility

O Surface Mobility

775 900 1025 1150 1275 1400

Budget, $M
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In Space Assembly

Suggested $M for Each Area

800
700 -
600 -
500 -
400 -
300 -
200 ~
o H H H k h k h k
0 T T I T T T T T T T T T
25 150 275 400 525 650 775 900 1025 1150 1275 1400
Budget, $M
ECS Technologies
60
O Investigating Methods/Tools
B Data Mining Research
50 +/0O Risk Based Design

40 A

30 A

20 A

10 -

0

B Risk Characterization/Visualizatin I I I
O System Complex Research
OMishaps/Anomaly Database
B Risk Workstation

ORISK Methods/Tools

25 150 275 400 525 650 775 900 1025 1150 1275 1400

Budget, $M
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Suggested $M for Each Area

200

OASIS

180 -

160 -

140 -

120 -

100 -

80 -

60 -

40

20 A

OThermal Control
OMaterials

W Large Space Structures
O Energetics

B Autonomous Robotic systems

|

|

nmﬂliﬂihﬂ

25 150 275

525

650 775 900 1025 1150 1275 1400
Budget, $M

Suggested $M for Each Area

120

Extreme Environments/Venus Surface Mission

100 -
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20 A

0

OHigh Temperature Balloon
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OPressure Vessel

B Thermal Control

OExtreme Temp & Pressure
Components (460C/90bar)
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Estimated Impact of Technology Budgets * MSL
on Missions Enabled = MSR

High funding

1.00 7 Mars Astrobiology Field Lab

Titan Explorer
XVenus Sample return

® Europa

e

u

3
|

+Comet Sample Return
=Lunar sample return
Space Station maintenance
Large Observatory Platform
Gateway

Space Solar Power

Estimated Probability of Mission Enabled

Medium funding
OASIS
0_ 4
® HPM
X
+ CPM
X Low funding SEP
0.00 N\=+——— ‘ ‘ ‘ =CTV
0 0 1000 1500 2000
Budget, $M Venus Surface mission

Combined est. Mission Success % and Tech Area
investment Suggestion

1200.00

w
c
«Q
(8 1000.00
- ®
oo
800.00
52
> 3
@ C<D 600.00
Q
7 § \
) 400.00 “
=
5 200.00|

\
\ 004
0.00 1 09094,

In Space Assembly

Surface Technologies
OASIS

ECS Technologies

Extreme environments

Average % to enable all missions:

Approximate Average % chance of
enabling all missions
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Concluding Remarks

* Study Results to Date (January-March, 2004)

— Initial data base for 13 missions and 167 technology performance
parameters in 23 technical areas, representing Code T,S,M,Y
enterprises

— Rapidly prototyped analysis capability to evaluate impact of
technological investment on science and exploration return

* Work Remaining (April-December, 2004)

— Expand data base to include more enabling missions and
technologies (e.g. modular distributed structures, etc.)

— Conduct more in-depth analysis of the representation and fidelity
of the existing data set, and a more detailed treatment of the
consistency and integration across program elements

— Calibrate data base and analysis with extensive WHAT-IF
computational
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